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(57) ABSTRACT 
A display device includes: a light source which emits light; a 
light deflector having a deflection region in which the light 
from the light source is deflected toward a predetermined 
position; a liquid crystal panel on which the image is formed 
by the light from the light deflector; and a control unit which 
determines a total number of right and left eyes of one or more 
users and controls operation of the light deflector based on the 
determined total number of right and left eyes, wherein the 
control unit segments the deflection region into a plurality of 
deflection subregions based on the determined total number 
of right and left eyes and controls light deflection in the 
deflection subregions to deflect the light from the light source 
toward different positions at the same time. 
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FIG. 9 
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DISPLAY DEVICE AND METHOD FOR 
CONTROLLING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is based on and claims pri 
ority of Japanese Patent Application No. 2011-227527 filed 
on Oct. 17, 2011. The entire disclosure of the above-identified 
application, including the specification, drawings and claims 
is incorporated herein by reference in its entirety. 

FIELD 

0002 One or more exemplary embodiments disclosed 
herein relate to a display device including a light deflector and 
a method for controlling the display device. The light deflec 
tor is capable of adjustably deflecting light. 

BACKGROUND 

0003. Examples of display devices which display images 
include a liquid crystal display device. A liquid crystal dis 
play device includes a liquid crystal panel and a light Source 
(backlight). The liquid crystal panel functions as a spatial 
modulation element. The light source has a planar shape and 
emits light toward the back side of the liquid crystal panel. 
Light passing through the liquid crystal panel is spatially 
modulated so that an image is formed on the liquid crystal 
panel. 
0004. With the aim of achieving images with enhanced 
presence using such a liquid crystal display device, three 
dimensional (3D) displays capable of representing 3D images 
are being developed. A 3D display shows a different image to 
each of the right and left eyes of a user to cause parallax 
therebetween so that the user can see a 3D image. 
0005 For example, a 3D display system including glasses 
has been proposed which allows a user wearing glasses hav 
ing a special optical effect to see 3D images. However, the 3D 
display system including glasses requires a user to take the 
trouble to wear the glasses each time the user wants to see a 
3D image, which results in poor usability. Thus, in recent 
years, a glasses-free 3D display has been proposed which 
allows a user to see 3D images without Such glasses. 
0006 For example, Patent Literature 1 discloses a glasses 
free 3D display including a light guide plate having a special 
shape and a right light source and a left light source disposed 
at right and left sides of the light guide plate, respectively. The 
right and left light source are alternately turned on. When the 
right light source is on, the light from the right light Source 
enters the light guide plate through the right side, and the light 
outgoing from the light guide plate converges at the right eye 
of a user. When the left light source is on, the light from the 
left light source enters the light guide plate through the left 
side, and the light outgoing from the light guide plate con 
verges at the left eye of the user. The liquid crystal panel 
display a right-eye image while the rightlight source is on and 
a left-eye image while the left light source is on, so that the 
user can view a 3D image without using special glasses. 
0007. However, the user of the 3D display disclosed in 
Patent Literature 1 needs to fix the positions of the eyes at 
predetermined positions to see a 3D image. When the eyes of 
the user are not at the predetermined positions, the light from 
the light guide plate cannot converge at the eyes of the user, 
and therefore the user cannot see a 3D image. 
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0008 Patent Literature 2 discloses a glasses-less 3D dis 
play which is proposed to solve the problem. The 3D display 
includes a light deflector capable of adjustably deflecting 
light. The light deflector deflects light by taking advantage of 
modulation of the refractive index of liquid crystal upon 
application of Voltage, for example. The light deflector 
deflects incident light in a certain time so that outgoing light 
converges at the right eye of a user. A liquid crystal panel 
displays a right-eye image synchronously with the time. In a 
subsequent time, the light deflector deflects incident light so 
that outgoing light converges at the left eye of the user. The 
liquid crystal panel displays a left-eye image synchronously 
with the Subsequent time. The liquid crystal panel alternately 
displays right-eye images and left-eye images with a prede 
termined period so that the user can see the images displayed 
on the liquid crystal panel as 3D images. 

CITATION LIST 

Patent Literature 

0009 Patent Literature 1 Japanese Unexamined Patent 
Application Publication (Transition of PCT Application) No. 
201O-524O47 
0010 Patent Literature 2 Japanese Unexamined Patent 
Application Publication No. 7-98.439 

SUMMARY 

Technical Problem 

0011 When a plurality of users is viewing images on the 
liquid crystal panel of the 3D display disclosed in Patent 
Literature 2, the light deflector may fail to change directions 
of light deflection at a rate high enough for the frame rate of 
the liquid crystal panel. This causes a problem of low image 
quality on the liquid crystal panel. 
0012. One non-limiting and exemplary embodiment pro 
vides a display device capable of displaying images with less 
deterioration in image quality even while multiple users are 
viewing the images, and a method for controlling the display 
device. 

Solution to Problem 

0013. In one general aspect, the techniques disclosed here 
feature a display device which displays an image and 
includes: a light Source which emits light; a light deflector 
having a deflection region in which the light from the light 
Source is deflected toward a predetermined position; a display 
panel on which the image is formed by the light from the light 
deflector; and a control unit configured to determine a total 
number of right and left eyes of one or more users viewing the 
image displayed on the display panel, and control operation 
of the light deflector based on the determined total number of 
right and left eyes so that the light deflected by the light 
deflector is directed alternately toward a right eye and a left 
eye of each of the one or more users, wherein the control unit 
is configured to segment the deflection region into a plurality 
of deflection subregions based on the determined total num 
ber of right and left eyes, and control light deflection in the 
deflection Subregions so that the light from the light source is 
deflected toward different positions at the same time. 
0014. These general and specific aspects may be imple 
mented using a system, a method, an integrated circuit, a 
computer program, or a computer-readable recording 
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medium such as a CD-ROM, or any combination of systems, 
methods, integrated circuits, computer programs, or com 
puter-readable recording media. 
0015. Additional benefits and advantages of the disclosed 
embodiments will be apparent from the Specification and 
Drawings. The benefits and/or advantages may be individu 
ally obtained by the various embodiments and features of the 
Specification and Drawings, which need not all be provided 
in order to obtain one or more of such benefits and/or advan 
tages. 

Advantageous Effects 
0016. The display device according to one or more exem 
plary embodiments or features disclosed herein is capable of 
displaying images with less deterioration in image quality 
even while multiple users are viewing the images. 

BRIEF DESCRIPTION OF DRAWINGS 

0017. These and other advantages and features will 
become apparent from the following description thereof 
taken in conjunction with the accompanying Drawings, by 
way of non-limiting examples of embodiments disclosed 
herein. 
0018 FIG. 1 illustrates a liquid crystal display device 
according to Embodiment 1. 
0019 FIG. 2A is a perspective view schematically illus 
trating light from a light source deflected by the light deflec 
tOr. 

0020 FIG. 2B is a perspective view schematically illus 
trating a deflection region segmented into a first deflection 
Subregion and a second deflection Subregion. 
0021 FIG.3A is a plan view illustrating a configuration of 
light deflector elements and pixels. 
0022 FIG. 3B is a lateral view illustrating the configura 
tion of the light deflector elements and the pixels. 
0023 FIG. 4 is a block diagram illustrating a basic con 
figuration of the control unit. 
0024 FIG. 5 is a flowchart illustrating a method for con 

trolling the liquid crystal display device according to 
Embodiment 1. 
0025 FIG. 6 illustrates a relationship between frames dis 
played on a liquid crystal panel and positions to which light 
deflected by the light deflector is directed when three users are 
viewing images displayed on the liquid crystal panel. 
0026 FIG. 7A is a plan view schematically illustrating a 

first deflection Subregion and a second deflection Subregion 
into which a deflection region in a liquid crystal display 
device according to Embodiment 2 is segmented. 
0027 FIG. 7B is a plan view schematically illustrating a 

first deflection Subregion and a second deflection Subregion 
into which a deflection region in a liquid crystal display 
device according to Embodiment 2 is segmented. 
0028 FIG. 8 illustrates a relationship between images dis 
played on a liquid crystal panel and positions to which light 
deflected by a light deflector is directed when three users are 
viewing images displayed on the liquid crystal panel. 
0029 FIG. 9 is a block diagram illustrating a functional 
configuration of a control unit of a liquid crystal display 
device according to Embodiment 3. 
0030 FIG. 10 illustrates brightness distribution of light 
deflected by a light deflector. 
0031 FIG. 11 illustrates light deflected by the light deflec 
tor and appropriately entering a left eye of a user. 
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0032 FIG. 12A illustrates light deflected by the light 
deflector and failing to appropriately enter the left eye of the 
USC. 

0033 FIG. 12B illustrates light deflected by the light 
deflector and failing to appropriately enter the left eye of the 
USC. 

0034 FIG. 13 illustrates a liquid crystal display device 
according to Embodiment 4. 
0035 FIG. 14 schematically illustrates a range to which 
the light deflector can deflect light. 
0036 FIG. 15 illustrates a situation in which the right and 
left eyes of a user are within a deflectable range. 
0037 FIG. 16 illustrates a situation in which the right and 
left eyes of the user are outside the deflectable range. 
0038 FIG. 17 illustrates a conventional liquid crystal dis 
play device. 
0039 FIG. 18 illustrates control of light deflection per 
formed by a light deflector in the case where two users are 
viewing images on a liquid crystal panel. 
0040 FIG. 19 illustrates a relationship between frames 
displayed on the liquid crystal panel and positions to which 
light deflected by the light deflector is directed when two 
users are viewing images on the liquid crystal panel. 
0041 FIG. 20 illustrates a relationship between frames 
displayed on the liquid crystal panel and positions to which 
light deflected by the light deflector is directed when three 
users are viewing images on the liquid crystal panel. 

DESCRIPTION OF EMBODIMENTS 

(Underlying Knowledge Forming Basis of the Present 
Disclosure) 
0042. In relation to the liquid crystal display device dis 
closed in the Background section, the inventors have found 
the following problem. 
0043 FIG. 17 illustrates a conventional liquid crystal dis 
play device 50. The liquid crystal display device 50 includes 
a light source 501, a light deflector 502, and a liquid crystal 
panel 503. Examples of the light deflector 502 include an 
optical modulator element which deflects light by taking 
advantage of modulation of the refractive index of liquid 
crystal upon application of Voltage and an element including 
a micro electro mechanical systems (MEMS) mirror. 
0044) Light from the light source 501 is deflected by the 
light deflector 502 for a period of predetermined duration 
toward the right eye 504a of a user 504 as indicated by arrows 
with solid line 505a in FIG. 17. The liquid crystal panel 503 
displays a right-eye image during the period of predetermined 
duration. In a Subsequent period of predetermined duration, 
the light from the light source 501 is then deflected by the 
light deflector 502 toward the left eye 504b of the user 504 as 
indicated by arrows with dashed line 505b in FIG. 17. The 
liquid crystal panel 503 displays a left-eye image during the 
Subsequent period. In this manner, light from the light deflec 
tors02 converges at the right eye 504a and left eye 504b of the 
user 504 alternately through time, and thereby allowing the 
user 504 to see the images displayed on the liquid crystal 
panel 503 as a 3D image. 
0045. When a right-eye image and a left-eye image dis 
played on the liquid crystal panel 503 are identical, the user 
504 sees the images on the liquid crystal panel 503 as a 
two-dimensional (2D) image, and users other than the user 
504 cannot see the images on the liquid crystal panel 503. In 
this case, the liquid crystal display device 50 functions as a 
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privacy display which prevents onlookers from seeing images 
thereon. A case where the liquid crystal display device 50 
functions as a privacy display shall be described below. 
0046 FIG. 18 illustrates control of light deflection per 
formed by the light deflector 502 in the case where two users 
of a user 505 and a user 506 are viewing images on the liquid 
crystal panel 503. When the two users 505 and 506 are view 
ing images on the liquid crystal panel 503, light from the light 
source 501 is deflected by the light deflector 502 as shown in 
FIG. 18, sequentially to a right eye 505a of the user 505, a left 
eye 505b of the user 505, a right eye 506a of the user 506, and 
a left eye 506b of the user 506 in this cyclic order. 
0047 FIG. 19 illustrates a relationship between frames 
displayed on the liquid crystal panel 503 and positions to 
which light deflected by the light deflector 502 is directed 
when two users A and B are viewing images on the liquid 
crystal panel 503. When the two users A and B are viewing 
images displayed on the liquid crystal panel 503, the positions 
to which light deflected by the light deflector 502 is directed 
are switched sequentially from the right eye of the user A, the 
left eye of the user A, the right eye of the user B, and then to 
the left eye of the user B as shown in FIG. 19. On the other 
hand, the frames displayed on the liquid crystal panel 503 are 
Switched sequentially from the frame of the image A, the 
frame of the image B, and then to the frame of the image Cas 
shown in FIG. 19. 
0048. In a period T1, in which the image A is displayed, 
light deflected by the light deflector 502 is directed toward the 
right and left eyes of the user A and the user B. Both the user 
A and the user Bare thereby allowed to see the image A in the 
period T1. In a period T2 and a period T3, in which the image 
B and the image C are displayed, respectively, the light 
deflected by the light deflector 502 is directed toward the right 
and left eyes of the user A and the user B in each of the 
periods. Both the user A and the user Bare thereby allowed to 
see the image B in the period T1 and the image C in the period 
T3. 

0049. However, a problem arises when there are more 
users to view images displayed on the liquid crystal panel 
503. FIG. 20 illustrates a relationship between frames dis 
played on the liquid crystal panel 503 and positions to which 
light deflected by the light deflector 502 is directed when 
three users A, B and C are viewing images on the liquid 
crystal panel 503. When the three users A, B, and C are 
viewing images displayed on the liquid crystal panel 503, the 
positions to which light deflected by the light deflector 502 is 
directed are switched sequentially from the right eye of the 
user A, the left eye of the user A, the right eye of the user B. 
the left eye of the user B, the right eye of the user C, and then 
to the left eye of the user C as shown in FIG. 20. On the other 
hand, the frames displayed on the liquid crystal panel 503 are 
Switched sequentially from the frame of the image A, the 
frame of the image B, and then to the frame of the image Cas 
shown in FIG. 20. 
0050. In a period T1, in which the image A is displayed, 
light deflected by the light deflector 502 is deflected only 
toward the right and left eyes of the user A and the user B but 
not to the right and left eyes of the user C. As a result, in the 
period T1, the user A and the user B are allowed to see the 
image B, but the user C is not allowed to see the image A. 
Similarly, in a period T2, in which the image B is displayed, 
light deflected by the light deflector 502 is not directed toward 
the right and left eyes of the user B, and in a period T3, in 
which the image C is displayed, light deflected by the light 
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deflector 502 is not directed toward the right and left eyes of 
the user A. As a result, the user B is allowed to see the image 
B in the period T2 and the user A is not allowed to see the 
image C in the period T3. 
0051. This problem arises because sequentially deflecting 
light toward the right and left eyes of all the users takes longer 
time when more users are viewing an image on the liquid 
crystal panel 503. Here, a relational expression T ALL=2x 
NXAT is true, where AT is a unit deflection time to be taken to 
deflect light toward an eye of users, N is the total number of 
users viewing an image on the liquid crystal panel 503, and 
T ALL is a time to be taken to deflect light toward each eye 
of all the users in sequence. If a time Frame T which is a 
display time during which a frame of an image is displayed on 
the liquid crystal panel 503 is shorter than T ALL, some users 
cannot see the image as described above. This causes 
decrease in the frame rate of images to be displayed on the 
liquid crystal panel 503, and therefore a problem of deterio 
ration in image quality arises, such as flickering. 
0.052 According to an exemplary embodiment disclosed 
herein, a display device which displays an image includes: a 
light Source which emits light; a light deflector having a 
deflection region in which the light from the light source is 
deflected toward a predetermined position; a display panel on 
which the image is formed by the light from the light deflec 
tor; and a control unit configured to determine a total number 
of right and left eyes of one or more users viewing the image 
displayed on the display panel, and control operation of the 
light deflector based on the determined total number of right 
and left eyes so that the light deflected by the light deflector is 
directed alternately toward a right eye and a left eye of each of 
the one or more users, wherein the control unit is configured 
to segment the deflection region into a plurality of deflection 
Subregions based on the determined total number of right and 
left eyes, and control light deflection in the deflection subre 
gions so that the light from the light source is deflected toward 
different positions at the same time. 
0053 With this, it is possible to display images with less 
deterioration in image quality even while multiple users are 
viewing the images. 
0054 For example, the control unit included in the display 
device may be configured to set a total number M of the 
deflection Subregions that satisfies a relational expression 
(NXAT)/MsFrame T, where AT is a unit deflection time to 
be taken for the light deflector to deflect light from the light 
Source toward any eye of the one or more users, Frame T is a 
display time during which a frame of the image is displayed 
on the display panel, and N is the determined total number of 
right and left eyes. 
0055 With this, it is possible to deflect light towardeach of 
the detected eyes within the display time Frame T. 
0056. For example, the control unit included in the display 
device may be configured to control the light deflection in the 
deflection subregions so that the light is deflected toward the 
right and left eyes of the one or more users within the display 
time Frame T. 
0057 With this, it is possible to deflect light towardeach of 
the detected eyes within the display time Frame T. 
0.058 For example, in the display device, each of the 
deflection Subregions may be discontinuous and the deflec 
tion Subregions may be interlaced. 
0059. With this, it is possible to show users images with 
less unnaturalness even when the deflection region is seg 
mented into such deflection Subregions. 
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0060 For example, in the display device, the deflection 
region may have light deflector elements each of which is a 
smallest unit for controlling a direction of light deflection, the 
light deflector elements may be arranged in a predetermined 
direction, the display panel may include pixels arranged in the 
predetermined direction, and each of the light deflector ele 
ments may be a size in the predetermined direction Smaller 
than a size of each of the pixels in the predetermined direc 
tion. 
0061. With this, it is possible to allow each pixel to receive 
light from a plurality of light deflector elements, and thereby 
preventing what is called pixel failure. 
0062 For example, the control unit included in the display 
device may be configured to identify a specific user from the 
users, and control the light deflection in the deflection subre 
gions so that the light is deflected more frequently toward the 
right and left eyes of the specific user than toward the right 
and left eyes of any other user among the users. 
0063. With this, it is possible to deflect light from the light 
Source preferentially toward the specific user among the plu 
rality of users. 
0064. For example, the control unit included in the display 
device may be configured to segment the deflection region 
into a first deflection Subregion and a second deflection Sub 
region, and control the light deflection in the first deflection 
subregion so that the light from the light source is deflected 
toward the right eye of each of the one or more users, and 
control the light deflection in the second deflection subregion 
so that the light from the light source is deflected toward the 
left eye of each of the one or more users. 
0065. With this, it is possible to allow the user to recognize 
an image obtained by fusing optical images. 
0066 For example, when the determined total number of 
right and left eyes is less than or equal to a predetermined 
number, the control unit included in the display device may be 
configured to avoid segmenting the deflection region into the 
plurality of deflection subregions. 
0067. With this, it is possible to deflect light from the light 
Source toward a small number of users viewing images with 
out segmenting each deflection region into deflection Subre 
gions. 
0068 According to an exemplary embodiment disclosed 
herein, a method for controlling a display device including: a 
light source which emits light; a light deflector having a 
deflection region in which light from the light source is 
deflected toward a predetermined position; and a display 
panel on which an image is formed by the light from the light 
deflector, includes: determining a total number of right and 
left eyes of one or more users viewing the image displayed on 
the display panel; segmenting the deflection region into a 
plurality of deflection subregions based on the determined 
total number of right and left eyes; and controlling light 
deflection in the deflection subregions so that the light from 
the light source is deflected toward different positions at the 
same time. 
0069. In this way, it is possible to reduce deterioration in 
quality of images even while multiple users are viewing the 
images. 
0070 These general and specific aspects may be imple 
mented using a system, a method, an integrated circuit, a 
computer program, or a computer-readable recording 
medium such as a CD-ROM, or any combination of systems, 
methods, integrated circuits, computer programs, or com 
puter-readable recording media. 
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Embodiments 

0071. Hereinafter, certain exemplary embodiments are 
described in greater detail with reference to the accompany 
ing Drawings. Each of the exemplary embodiments described 
below shows a general or specific example. The numerical 
values, shapes, materials, structural elements, the arrange 
ment and connection of the structural elements, steps, the 
processing order of the steps etc. shown in the following 
exemplary embodiments are mere examples, and therefore do 
not limit the scope of the appended Claims and their equiva 
lents. Therefore, among the structural elements in the follow 
ing exemplary embodiments, structural elements not recited 
in any one of the independent claims are described as arbi 
trary structural elements. 

Embodiment 1 

Configuration of Liquid Crystal Display Device 

0072 FIG. 1 illustrates a liquid crystal display device 10 
according to Embodiment 1. The liquid crystal display device 
10 illustrated in FIG. 1 is a display device including a light 
source 101, a light deflector 102, a liquid crystal panel 103 (a 
display panel), a pair of eye cameras 104a and 104b, and a 
control unit 105. The liquid crystal display device 10 is, for 
example, included in a television set which functions as a 
glasses-free 3D display and as a privacy display. 
0073. The light source 101 is a light source which emits 
light over its surface and faces a light entry face of the light 
deflector 102. The light from light source 101 enters the light 
deflector 102 through the light entry face. For example, the 
light source 101 is composed of multiple of white light 
emitting diodes (LEDs) arranged in a plane. Optionally, the 
light source 101 may be composed of multiple of red, blue, 
and green LEDs arranged in a plane. 
0074. Optionally, the light source 101 may include a light 
guide plate, which is not shown in FIG. 1. In this case, the 
light Source 101 may be composed of a light guide plate, 
LEDs arranged on a side Surface of the light guide plate, a 
cold cathode fluorescent lamp (CCFL), and a laser. 
(0075. The light deflector 102 has a function to deflect light 
incident through the light entry face and modulate the direc 
tion of the deflection. FIG. 2A is a perspective view schemati 
cally illustrating light from the light source 101 deflected by 
the light deflector 102. As shown in FIG. 2A, the light deflec 
tor 102 has a deflection region 121 in which light from the 
light source 101 is deflected toward a predetermined position. 
The deflection region 121 has light deflector elements 120 
arranged in a matrix (see FIG.3A, which is described below). 
Each of the light deflector elements 120 is the smallest unit for 
control of light deflection and deflects light by taking advan 
tage of modulation of the refractive index of liquid crystal 
upon application of Voltage. 
0076. The deflection region 121 is segmented into deflec 
tion subregions by the control unit 105, which will be 
described later. When the deflection region 121 is not seg 
mented as shown in FIG. 2A, light from the light source 101 
enters the deflection region 121 approximately vertically to 
the deflection region 121 as indicated by an arrow 123 in FIG. 
2A. After entering the deflection region 121, the light is 
deflected toward a predetermined position (for example, a 
right eye 106a of a user 106 viewing an image displayed on 
the liquid crystal panel 103) as indicated by an arrow 124 in 
FIG. 2A 



US 2013/0093.762 A1 

0077 FIG. 2B is a perspective view schematically illus 
trating the deflection region 121 segmented into a first deflec 
tion subregion 121a and a second deflection subregion 121b. 
For example, the deflection region 121 is segmented into two 
deflection subregions: the first deflection subregion 121a and 
the second deflection subregion 121b. As shown in FIG. 2B, 
the first deflection Subregion 121a is a continuous region in 
the upper half of the deflection region 121, and the second 
deflection Subregion 121b is a continuous region in the lower 
half of the deflection region 121. Light from the light source 
101 enters the first deflection subregion 121a and the second 
deflection subregion 121b to the deflection region 121 
approximately vertically the deflection Subregions as indi 
cated by arrows 125 in FIG. 2B. In the first deflection subre 
gion 121a, the light is deflected toward a first position (for 
example, the right eye 106a of the user 106) as indicated by an 
arrow 126 in FIG. 2B. In the second deflection subregion 
121b, the light is deflected toward a second position, which is 
different from the first position (for example, a right eye of a 
user other than the user 106), as indicated by an arrow 127 in 
FIG.2B. In this manner, it is possible to deflect the light in the 
first deflection subregion 121a and the light in the second 
deflection subregion 121b toward different positions at the 
same time. 
0078. The liquid crystal panel 103 is disposed facing a 
light exit face of the light deflector 102. The liquid crystal 
panel 103 includes pixels 130 arranged in a matrix in its 
display area (see FIG. 3A described later). Light exits the 
light deflector 102 through the light exit face and forms an 
image on the liquid crystal panel 103. 
007.9 FIG.3A is a plan view illustrating a configuration of 
the light deflector elements 120 and the pixels 130. FIG.3B is 
a lateral view illustrating the configuration of the light deflec 
tor elements 120 and the pixels 130. As illustrated in FIG.3A, 
the light deflector elements 120 are arranged in vertical and 
horizontal directions in FIG. 3A to form a matrix, and the 
pixels 130 are arranged in the vertical and horizontal direc 
tions of FIG. 3A to form a matrix. One of the vertical and 
horizontal directions is hereinafter referred to as a “predeter 
mined direction'. The length W1, which is the size of each of 
the light deflector elements 120 in the predetermined direc 
tion, is approximately half the length W2, which is the size of 
each of the light pixels 130 in the predetermined direction. In 
this configuration, each of the pixels 130 receives light from 
a plurality of the light deflector element 120, and what is 
called pixel failure is thereby reduced. 
0080 Each of the eye cameras 104a and 104b images the 
right eye 106a and the left eye 106b of the user 106 viewing 
an image on the liquid crystal panel 103. The eye cameras 
104a and 104b each send an image signal to the control unit 
105. 

I0081. The control unit 105 controls the light deflector 102 
based on the image signals sent from the eye cameras 104a 
and 104b. Furthermore, the control unit 105 controls light 
output of the light source 101 and images to be displayed on 
the liquid crystal panel 103. 
0082 FIG. 4 is a block diagram illustrating a basic con 
figuration of the control unit 105. As illustrated in FIG. 4, the 
control unit 105 includes a detection unit 151, a determination 
unit 152, and a display control unit 153. 
0083. The detection unit 151 determines the total number 
of right and left eyes of one or more users viewing an image 
on the liquid crystal panel 103 based on image signals from 
the pair of the eye cameras 104a and 104b. For example, when 

Apr. 18, 2013 

a single user 106 is viewing an image on the liquid crystal 
panel 103 as illustrated in FIG. 1, the detection unit 151 
determines the total number of right and left eyes as two. 
I0084. The determination unit 152 segments the deflection 
region 121 into deflection Subregions based on the total num 
ber of right and left eyes determined by the detection unit 151. 
Specific operation of the determination unit 152 will be 
described in detail later. 
I0085. The display control unit 153 controls operation of 
the light source 101, the light deflector 102, and the liquid 
crystal panel 103 based on the total number of the deflection 
Subregions into which the deflection region 121 is segmented 
by the determination unit 152. 

Functions of Liquid Crystal Display Device 
I0086. When the liquid crystal display device 10 functions 
as a glasses-free 3D display, the display control unit 153 
displays right-eye images and left-eye images on the liquid 
crystal panel 103 alternately through time. Furthermore, the 
display control unit 153 controls light deflection performed 
by the light deflector 102, based on image signals sent from 
the eye cameras 104a and 104b in the following manner. 
I0087. The light deflector 102 deflects light from the light 
source 101 toward the right eye 106a of the user 106 for a 
predetermined period of time. The light from the light deflec 
tor 102 thereby converges at the right eye 106a of the user 106 
as indicated by the arrows with solid line 107a in FIG.1. The 
liquid crystal panel 103 displays a right-eye image during the 
predetermined period of time. 
I0088 Subsequently, the light deflector 102 deflects light 
from the light source 102 toward the left eye 106b of the user 
106 for a predetermined period of time. The light from the 
light deflector 102 thereby converges at the left eye 106b of 
the user 106 as indicated by the arrows with dashed line 107b 
in FIG. 1. The liquid crystal panel 103 displays a left-eye 
image during the Subsequent predetermined period of time. 
I0089. In this manner, light from the light deflector 102 
converges at the right eye 106a and left eye 106b of the user 
106 alternately through time, and thereby allowing the user 
106 to see the images displayed on the liquid crystal panel 103 
as a 3D image. 
0090 When the liquid crystal display device 10 functions 
as a privacy display, the display control unit 153 uses a setting 
with which the right-eye image and left-eye image displayed 
on the liquid crystal panel 103 are identical. This allows the 
user 106 to see the images displayed on the liquid crystal 
panel 103 as a 2D image, and users other than the user 106 
cannot see the images on the liquid crystal panel 103. In 
Embodiment 1, a case where the liquid crystal display device 
10 functions as a privacy display shall be described below. 

Method for Controlling Liquid Crystal Display Device 
0091. A method for controlling the liquid crystal display 
device 10 when a plurality of users is viewing images on the 
liquid crystal panel 103 shall be described below with refer 
ence to FIG.5. FIG. 5 is a flowchart illustrating the method for 
controlling the liquid crystal display device 10 according to 
Embodiment 1. In the case described below, the deflection 
region 121 is not segmented into deflection Subregions at the 
beginning of the control of the liquid crystal display device 
10. 

0092 First, the detection unit 151 determines the total 
number of right and left eyes of the users viewing images on 
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the liquid crystal panel 103 based on image signals sent from 
the pair of the eye cameras 104a and 104b. For example, when 
three users are viewing images on the liquid crystal panel 103. 
the detection unit 151 determines the total number of right 
and left eyes as six. 
0093. Note that the detection unit 151 may determine the 
total number of right and left eyes using a variety of methods, 
and the methods are not limited to a specific method. For 
example, the detection unit 151 may determine the total num 
ber of right and left eyes by extracting the shapes of the right 
and left eyes of users based on feature amounts indicated by 
the image signals from the eye cameras 104a and 104b. 
Optionally, the detection unit 151 may determine the total 
number of right and left eyes by determining a total number of 
the faces of users by extracting the contours of the faces based 
on feature amounts indicated by the image signals from the 
eye cameras 104a and 104b, and doubling the total number of 
the faces. 

0094. Next, the determination unit 152 determines 
whether or not it is possible to deflect light toward the right 
and left eyes of all the users, based on the total number of right 
and left eyes determined by the detection unit 151 (S12). 
Specifically, the determination unit 152 uses Equation 1 
below to determine the magnitude relationship between a 
deflection time to be taken to deflect light toward each eye of 
all the users and a display time during which a frame (or an 
image) is displayed on the liquid crystal panel 103. 

NXAT>Frame T 

0095. In Equation 1, N is the total number of the right and 
left eyes determined by the detection unit 151, AT is a unit 
deflection time currently taken for the light deflector 102 to 
deflect light from the light source 101 toward an eye of users, 
and Frame T is a display time during which a frame is dis 
played on the liquid crystal panel 103. The determination unit 
152 holds data on the unit deflection time AT and the display 
time Frame T. In Embodiment 1, the display control unit 153 
is capable of adjusting the unit deflection time AT by chang 
ing voltage to be applied to the light deflector elements 120. 
0096. When Equation 1 is not true (S12, YES), the deter 
mination unit 152 determines that it is possible to deflect light 
toward the right and left eyes of all the users within the display 
time Frame T without adjusting the unit deflection time AT. 
Equation 1 is not true when, for example, one or two users are 
viewing images displayed on the liquid crystal panel 103. In 
this case, the display control unit 153 controls light deflection 
performed by the light deflector 102 in the above-described 
manner, without changing the unit deflection time AT or 
segmenting the deflection region 121 into deflection Subre 
gions (S13). 
0097. When Equation 1 is true (S12, NO), the determina 
tion unit 152 determines that it is not possible to deflect light 
toward the right and left eyes of all the users during the unit 
deflection time AT within the display time Frame T. Equa 
tion 1 is true when, for example, three or four users are 
viewing images displayed on the liquid crystal panel 103. In 
this case, the determination unit 152 determines whether or 
not adjusting the unit deflection time AT makes it possible to 
deflect light toward the right and left eyes of all the users 
within the display time Frame T (S14). Specifically, the 
determination unit 152 uses Equation 2 below to determine 
the magnitude relationship between a deflection time to be 
taken to deflect light toward the right and left eyes of all the 
users and a display time during which a frame is displayed on 

(Equation 1) 
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the liquid crystal panel 103 when the unit deflection time AT 
is minimized. Minimizing the unit deflection time AT is 
equivalent to maximizing the rate of changing directions of 
light deflection by the light deflector 102. 

NXAT MIN-Frame T 

0098. In Equation 2, AT MIN is a minimum unit deflec 
tion time within an adjustable range. The minimum unit 
deflection time AT MIN is, for example, the shortest time to 
be taken to allow a user to see an image when light is deflected 
toward the right or left eye of the user. 
(0099. When Equation 2 is not true (S14, YES), the deter 
mination unit 152 determines that it is possible to deflect light 
toward the right and left eyes of all the users within the display 
time Frame T by using a unit deflection time AT adjusted to 
the minimum unit deflection time AT MIN. In this case, the 
determination unit 152 shortens the unit deflection time AT to 
calculate a unit deflection time AT (AT MINs AT'<AT) 
which does not satisfy Equation 1 (S15). Next, the display 
control unit 153 shortens the unit deflection time from AT to 
AT and controls light deflection performed by the light 
deflector 102 in the above-described manner, without seg 
menting the deflection region 121 into deflection Subregions 
(S13). 
0100. When Equation 2 is not true (S14, NO), the deter 
mination unit 152 determines that it is not possible to deflect 
light toward the right and left eyes of all the users within the 
display time Frame T even by using the minimum unit 
deflection time AT MIN adjusted from the unit deflection 
time AT. Equation 2 is not true when, for example, five or 
more users are viewing images displayed on the liquid crystal 
panel 103. In this case, the determination unit 152 segments 
the deflection region 121 into deflection subregions based on 
the total number N of right and left eyes determined by the 
detection unit 151 (S16). Specifically, the determination unit 
152 sets the total number of deflection subregions which 
satisfies a relational expression, Equation 3 below. 

(Equation 2) 

(NXAT MIN), MsFrame T 

0101. In Equation 3, M is the total number of deflection 
Subregions in the deflection region 121. 
0102 For example, when a display time Frame T is 16 
msec, a minimum unit deflection time AT MIN is 4 msec, and 
the determined total number N of right and left eyes is six, the 
total number M of deflection subregions to satisfy the rela 
tional expression Equation 3 is two. Then, the deflection 
region 121 is segmented into two deflection Subregions as 
exemplified in FIG. 2B, the first deflection subregion 121a 
and the second deflection subregion 121b. Subsequently, the 
display control unit 153 shortens the unit deflection time AT 
to AT MIN, which is the minimum, and changes the total 
number M of the deflection subregions to two, and controls 
light deflection performed by the light deflector 102 in the 
above-described manner using AT MIN and M (S13). 
0103) As described above, when the deflection region 121 

is segmented into the first deflection subregion 121a and the 
second deflection subregion 121b, the display control unit 
153 can cause light from the light source 101 in the first 
deflection subregion 121a and the second deflection subre 
gion 121b to be deflected toward two different positions at the 
same time. The light deflected in the first deflection subregion 
121a and the light deflected in the second deflection subre 
gion 121b thereby enter the right and left eyes of all the users 
within the display time Frame T. 

(Equation 3) 
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0104. After segmenting the deflection region 121 into 
deflection subregions, the determination unit 152 determines 
a deflection order for each of the deflection subregions such 
that light is deflected toward the right and left eyes of all the 
users within the display time Frame T. The deflection order 
means an order of positions toward which light is deflected. 
The deflection order is not limited to a specific order. For 
example, when deflection subregions 1 to Mare provided for 
positions 1 to N (where 2M-N), light deflected by the deflec 
tion subregions 1 to M may be first directed to the positions 1 
to N, and then to the positions M+1 to 2M. 
0105. In Embodiment 1, the determination unit 152 iden 

tifies a specific user from among a plurality of users based on 
image signals from the pair of the eye cameras 104a and 104b. 
The determination unit 152 then controls light deflection 
performed by the deflection subregions so that light is 
deflected more frequently toward the right and left eyes of the 
specific user than toward the right and left eyes of the users 
other than the specific user. For example, such a specific user 
may be identified using a method in which a user located at a 
position corresponding to the center of the liquid crystal panel 
103 is identified as a specific user, or a method in which a user 
having eyes identical in shape to pre-registered eyes (for 
example, the eyes of the owner of the liquid crystal display 
device 10) is identified as a specific user. 
0106 Light deflection performed by the light deflector 
102 shall be described below with reference to FIG. 6, based 
on a case where the determined total number N of right and 
left eyes is six, and the total number M of deflection subre 
gions is two. FIG. 6 illustrates a relationship between frames 
displayed on the liquid crystal panel 103 and positions to 
which light deflected by the light deflector 503 is directed 
when three users A, B and C are viewing images displayed on 
the liquid crystal panel 103. In the case described below, the 
deflection region 121 is segmented into two deflection sub 
regions as illustrated in FIG. 2B, that is, the first deflection 
subregion 121a and the second deflection subregion 121b, 
and the determination unit 152 identifies the user A as a 
specific user from among the users A, B, and C. 
0107. In a period T1, in which the image A is displayed, 
light deflected in the first deflection subregion 121a is 
directed toward the right and left eyes of the user A and the 
user B, and light deflected in the second deflection subregion 
121b is directed toward the right and left eyes of the user A 
and the user C. The users A, B, and C thereby see the image A 
in the period T1. Similarly, the users A, B, and C see an image 
B in a period T2 and an image C in a period T3. 
0108) Note that the eyes of the user B and the eyes of the 
user C receive light deflected in the first deflection subregion 
121a and the second deflection subregion 121b, respectively. 
The right and left eyes of the users B and C receive light 
deflected under such control of light deflection in each of the 
periods T1 to T3, so that flickering due to a low frame rate can 
be avoided. 
0109. The process is repeated from Steps S11 to S16 in a 
predetermined period, and thereby a plurality of users can see 
images displayed on the liquid crystal panel 103 with less 
deterioration in image quality due to an insufficient rate of 
changing directions of light deflection by the light deflector 
102. 

0110. Note that the minimum unit deflection time AT MIN 
in the relational expression Equation 3 can be replaced with a 
unit deflection time AT. By doing this, the rate of changing 
directions of light deflection by the light deflector 102 is kept 
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lower so that the light deflector 102 can be driven at a lower 
Voltage, and power consumption is thereby saved. 
0111 Although deflection is controlled so that light is 
preferentially deflected toward the right and left eyes of the 
user A in the above-described case, the deflection according 
to Embodiment 1 may be also controlled so that light is 
deflected evenly toward the right and left eyes of the users A, 
B, and C. 
0112 Although the display time Frame T in which a 
frame is displayed on the liquid crystal panel 103 is constant 
in the above-described case, the display control unit 153 
according to Embodiment 1 may be configured to adjust the 
display time Frame T. In this case, the display time Frame T 
may be adjusted instead of a unit deflection time AT in above 
described Step S15. 
0113 Although the deflection region 121 is segmented 
into two deflection subregions in the above-described case, 
the deflection region 121 according to Embodiment 1 may be 
segmented into three or more deflection Subregions when 
more users are viewing images displayed on the liquid crystal 
panel 103. Configurations of the deflection subregions are not 
limited to a specific pattern. 
0114. Furthermore, fusing of optical images may be taken 
into consideration for determination of a deflection order for 
each deflection subregion by the determination unit 152. Fus 
ing of optical images refers to recognition of different images 
entering the right and left eyes of a user as a single image into 
which the user fuses the different images. In this case, for 
example, the display control unit 153 controls light deflection 
in the first deflection subregion 121a so that light from the 
light source 101 is deflected toward the right eye of a user and 
light deflection in the second deflection subregion 121b so 
that light from the light source 101 is deflected toward the left 
eye of the user in the period T1 in which an image A is 
displayed on the liquid crystal panel 103. The right eye of the 
user thereby receives an upper half of the image A and the left 
eye of the user receives a lower half of the image A, so that the 
user can recognize the whole image A by fusing the images. 
0.115. Furthermore, a lens, which is not shown in the draw 
ings, may be provided between the light deflector 102 and the 
liquid crystal panel 103 in order to further deflect light from 
the light deflector 102. This provides the liquid crystal panel 
103 with a wider viewing angle so that the user 106 can see 
images displayed on the liquid crystal panel 103 even at a 
relatively close viewing position. 
0116. The light deflector 102 according to Embodiment 1 
may include elements including MEMS mirrors instead of the 
light deflector elements 120.The light deflector 102 including 
MEMS mirrors has a relatively large deflection angle, and 
thereby allows the user 106 to see images such as 3D images 
even when the user 106 moves the head by a relatively large 
amount with respect to the liquid crystal panel 103. 

Embodiment 2 

0117 FIG. 7A and FIG. 7B are schematic plan views 
respectively illustrating a first deflection subregion 121Aa 
and a second deflection subregion 121 Ab into which a deflec 
tion region 121A in a liquid crystal display device according 
to Embodiment 2 is segmented. In the following embodi 
ments, constituent elements identical to those already 
described in Embodiment 1 are denoted with the same refer 
ence numerals and thus description thereof will be omitted. 
0118. As illustrated in FIG. 7A and FIG.7B, the deflection 
region 121A of a light deflector 102A is segmented into two 
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deflection subregions, the first deflection subregion 121Aa 
and the second deflection subregion 121Ab. In Embodiment 
2, the first deflection subregion 121Aa and the second deflec 
tion subregion 121 Ab are interlaced, and each of them is 
discontinuous. The first deflection subregion 121Aa is com 
posed of odd lines of the deflection region 121A, and the 
second deflection subregion 121 Ab is composed of even lines 
of the deflection region 121A. 
0119 FIG. 8 illustrates a relationship between images dis 
played on a liquid crystal panel 103 (see FIG. 1) and positions 
to which light deflected by the light deflector 102A is directed 
when three users A, B and Care viewing the images displayed 
on the liquid crystal panel 103. In Embodiment 2, a case 
where a liquid crystal display device functions as a glasses 
free 3D display shall be described below. The determination 
unit 152 in this case identifies the user A as a specific user 
among the users A, B, and C as an example. 
0120 In a period in which a right-eye image A1 is dis 
played, light deflected in the first deflection subregion 121Aa 
is directed toward the right eyes of the user A and the user B. 
and light deflected in the second deflection subregion 121Ab 
is directed toward the right eyes of the user A and the user C. 
The right eyes of the users A, B, and C thereby receive the 
right-eye image Al in the period in which the right-eye image 
Al is displayed. 
0121. In a period in which a left-eye image A2 is dis 
played, light deflected in the first deflection subregion 121Aa 
is directed toward the left eyes of the user A and the user B. 
and light deflected in the second deflection subregion 121Ab 
is directed toward the left eyes of the user A and the user C. 
The left eyes of the users A, B, and C thereby receive the 
left-eye image A2 in the period in which the left-eye image A2 
is displayed. 
0122) The users A, B, and C thereby can see an image A 
corresponding to the right-eye image Al and left-eye image 
A2 as a 3D image. 
0123. Similarly, the users A, B, and C can see an image B 
corresponding to a right-eye image B1 and a left-eye image 
B2 as a 3D image, and an image C corresponding to a right 
eye image Cl and a left-eye image C2 as a 3D image. The 
display device in Embodiment 2 thus produces the same 
effect as the effect produced by the display device in Embodi 
ment 1. 

Embodiment 3 

0.124 FIG. 9 is a block diagram illustrating a functional 
configuration of a control unit 205 of a liquid crystal display 
device 20 according to Embodiment 3. As illustrated in FIG. 
9, the control unit 205 includes a detection unit 251, a deter 
mination unit 252, and a display control unit 253. 
0125. The detection unit 251 determines the total number 
of right and left eyes of one or more users viewing an image 
on the liquid crystal panel 103 based on image signals from 
the pair of the eye cameras 104a and 104b, and detects a range 
210 irradiated with light deflected by the light deflector 102 
(hereinafter referred to as a deflection range) (see FIG. 11 
described later). 
0126 The detection unit 251 detects the deflection range 
210 using a method described below. FIG. 10 illustrates 
brightness distribution of light deflected by the light deflector 
102. In FIG. 10, the vertical axis indicates brightness of light 
deflected by the light deflector 102, and the horizontal axis 
indicates distance from a deflection center. The deflection 
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center is an optical axis at which light deflected by a light 
deflector 102 has the highest brightness. 
0127. As illustrated in FIG. 10, the detection unit 251 
detects, as the deflection range 210, a range where brightness 
is higher than or equal to a predetermined percentage of the 
brightness at the deflection center. For example, the detection 
unit 251 detects, as the deflection range 210, a range within a 
distance of +1 cm from the deflection center as a result of 
detecting a range where brightness is 3% of the brightness at 
the deflection center or higher. The detection unit 251 thus 
detects a position where the deflected light has the highest 
brightness based on image signals from the pair of eye cam 
eras 104a and 104b, and then determine the range within a 
distance of +1 cm from the deflection center as the deflection 
range 210. 
0128. The determination unit 252 determines whether or 
not light deflected by the light deflector 102 appropriately 
enters the right eye or the left eye of each of the one or more 
users, based on a positional relationship between the deflec 
tion range 210 and the right and left eyes of each of the one or 
more users. The positional relationship is detected by the 
detection unit 251. A method of the determination made by 
the determination unit 252 will be described in detail later. 
I0129. The display control unit 253 controls operation of 
the light source 101, the light deflector 102, and the liquid 
crystal panel 103 based on the result of the determination 
made by the determination unit 252. 
0.130. The method of the determination made by the deter 
mination unit 252 shall be described below with reference to 
FIG. 11, FIG. 12A, and FIG. 12B. FIG. 11 illustrates light 
deflected by the light deflector 102 and appropriately entering 
a left eye 106b of the user 106. FIG. 12A and FIG. 12B each 
illustrate light deflected by the light deflector 102 and failing 
to appropriately enter the left eye 106b of the user 106. 
I0131) For example, when the entire left eye 106b of the 
user 106 is included in the deflection range 210 as illustrated 
in FIG. 11, the determination unit 252 determines that the 
light deflected by the light deflector 102 is appropriately 
entering the left eye 106b of the user 106. In this case, the user 
106 appropriately sees an image displayed on the liquid crys 
tal panel 103, and the display control unit 253 thus makes no 
change to operation of the light deflector 102. 
(0132) For example, when the entire left eye 106b of the 
user 106 is outside the deflection range 210 as illustrated in 
FIG.12A, the determination unit 252 determines that the light 
deflected by the light deflector 102 is not appropriately enter 
ing the left eye 106b of the user 106. Since the user 106 cannot 
appropriately see an image displayed on the liquid crystal 
panel 103, and the display control unit 253 makes a change to 
operation of the light deflector 102. Specifically, the display 
control unit 253 adjusts voltage applied to each light deflector 
element 120 (see FIG. 3A) to move the deflection range 210 
toward the left eye 106b of the user 106 (leftward in FIG. 
12A). The display control unit 253 ends the adjustment of 
voltage when the deflection range 210 covers the entire left 
eye 106b of the user 106. As a result, the user 106 can appro 
priately see an image displayed on the liquid crystal panel 
103. 
0.133 For example, when a part of the right eye 106a and 
a part of the left eye 106b of the user 106 are included in the 
deflection range 210 as illustrated in FIG. 12B, the determi 
nation unit 252 determines that the light deflected by the light 
deflector 102 is not appropriately entering the left eye 106b of 
the user 106. In this case, what is called crosstalk is occurring 
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in which a left-eye image enters not only the left eye 106b but 
also the right eye 106a of the user 106. Since the user 106 
cannot appropriately see an image (3D image) displayed on 
the liquid crystal panel 103, and the display control unit 253 
makes a change to operation of the light deflector 102. 
0134) Specifically, the display control unit 253 adjusts 
voltage applied to each light deflector element 120 (see FIG. 
3A) to move the deflection range 210 away from the right eye 
106a of the user 106 (rightward in FIG. 12B). The display 
control unit 253 ends the adjustment of voltage when the 
deflection range 210 covers the entire left eye 106b of the user 
106. As a result, the crosstalk is eliminated so that the user 106 
can appropriately see an image displayed on the liquid crystal 
panel 103. 
0135. As described above, the display control unit 253 
controls operation of light deflector 102 so that the deflection 
range 210 and one of the entire right eye 106a and entire left 
eye 106b of the user 106 overlaps. This allows the user 106 to 
appropriately see an image displayed on the liquid crystal 
panel 103. 
0136. The detection unit 251 need not use a specific 
method or algorithm to detect the positions of the right eye 
106a and the left eye 106b of the user 106 but may use various 
methods as appropriate. 
0.137 Amethod to detect the deflection range 210 need not 
be limited to a specific method or algorithm. Various methods 
may be used as appropriate. For example, the deflection range 
210 may be detected by calculating a difference between an 
image taken immediately before irradiating the left eye 106b 
of the user 106 with light deflected by the light deflector 102 
and an image taken while irradiating the left eye 106b of the 
user 106 with light deflected by the light deflector 102. 
0.138. The detection unit 251 may perform the above-de 
scribed detection at any appropriate time. For example, the 
detection unit 251 may be configured to perform the detection 
when the light deflector 102 ends light deflection toward a 
certain position. In this case, the deflection range 210 is 
repositioned each time the direction of light deflection is 
changed, and thereby occurrence of crosstalk is effectively 
reduced. Optionally, the detection unit 251 may perform the 
detection only at the beginning of use of the liquid crystal 
display device 20. This reduces load of processing necessary 
for adjustment of the deflection range 210. 
0.139. When the light deflector 102 is dependent on light 
wavelengths and the light source 101 performs field sequen 
tial display by emitting light having different wavelengths in 
sequence (for example, starting with red light which is fol 
lowed by blue light then green light), the detection unit 251 
may perform the detection each time the wavelength of light 
emitted from the light source 101 changes. This prevents 
unwanted change in the position of the deflection range 210 
which may occur when the wavelength of light emitted from 
the light source 101 changes so that deterioration in quality of 
images displayed on the liquid crystal panel 103. 

Embodiment 4 

0140 FIG. 13 illustrates a liquid crystal display device 30 
according to Embodiment 4. The liquid crystal display device 
30 illustrated in FIG. 13 includes a switchable-diffusion ele 
ment 301 between a light deflector 102 and a liquid crystal 
panel 103. The switchable-diffusion element 301 is switch 
able between a diffusing status in which the switchable-dif 
fusion element 301 is milky white to diffuse light from the 
light deflector 102 and a non-diffusing status in which the 
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switchable-diffusion element 301 is transparent to transmit 
light from the light deflector 102. The control unit 305 con 
trols voltage to be applied to the switchable-diffusion element 
301. The Switchable-diffusion element 301 remains in the 
diffusing status while the control unit 305 applies no voltage 
to the switchable-diffusion element 301. Application of volt 
age by the control unit 305 to the switchable-diffusion ele 
ment 301 switches the Switchable-diffusion element 301 
from the diffusing status to the non-diffusing status. The 
switchable-diffusion element 301 may be implemented using 
a dynamichologram having interference stripes which appear 
and Vanish in response to Voltage application. 
0.141. A method of controlling the switchable-diffusion 
element 301 by the control unit 305 shall be described below 
with reference to FIG. 14 to FIG. 16. FIG. 14 schematically 
illustrates a range 310 to which the light deflector 102 can 
deflect light (hereinafter referred to as a deflectable range). In 
Embodiment 4, the control unit 305, based on image signals 
from a pair of eye cameras 104a and 104b, detects the position 
of the deflectable range 310 and positions of the right eye 
106a and left eye 106b of the user 106 viewing an image on 
the liquid crystal panel 103. Next, the control unit 305 
switches the switchable-diffusion element 301 between the 
diffusing status and the non-diffusing status based on a posi 
tional relationship between the deflectable range 310 and the 
positions of the right eye 106a and left eye 106b of the user 
106. 

0.142 FIG. 15 illustrates a situation in which the right eye 
106a and left eye 106b of the user 106 are within the deflect 
able range 310. When the right eye 106a and left eye 106b of 
the user 106 are within the deflectable range 310 as shown in 
FIG. 15, the control unit 305 Switches the switchable-diffu 
sion element 301 to the non-diffusing status and images to be 
displayed on the liquid crystal panel 103 to 3D images. Light 
deflected by the light deflector 102 passes through the swit 
chable-diffusion element 301 without being diffused by the 
switchable-diffusion element 301, and then enters the liquid 
crystal panel 103. Light from the liquid crystal panel 103 is 
thereby directed toward the right eye 106a and the left eye 
106b of the user 106 alternately through time. The liquid 
crystal display device 30 thereby functions as a glasses-free 
3D display (or as a privacy display). 
0.143 FIG. 16 illustrates a situation in which the left eye 
106b of the user 106 is outside the deflectable range 310. 
When at least one of the right eye 106a and left eye 106b of 
the user 106 is outside the deflectable range 310 as shown in 
FIG. 16, the control unit 305 Switches the switchable-diffu 
sion element 301 from the non-diffusing status to the diffus 
ing status and images to be displayed on the liquid crystal 
panel 103 to 2D images. Light deflected by the light deflector 
102 is diffused by the switchable-diffusion element 301, and 
then enters the liquid crystal panel 103. In this situation, light 
from the liquid crystal panel 103 is diffused inside and outside 
the deflectable range 310 so that the light from the liquid 
crystal panel 103 can enter the right eye 106a and left eye 
106b of the user 106. The liquid crystal display device 30 
thereby functions as a 2D display device to display normal 2D 
images. 
0144. As described above, the liquid crystal display device 
30 according to Embodiment 4 achieves a wide viewing 
angle. Embodiment 4 is applicable not only to the above 
described case where one user 106 is viewing images dis 
played on the liquid crystal panel 103 but also to the case 
where a plurality of users are viewing images displayed on the 
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liquid crystal panel 103. Specifically, when at least one of the 
right and left eyes of any of the users is outside the deflectable 
range 310, the control unit 305 switches the switchable-dif 
fusion element 301 from the non-diffusing status to the dif 
fusing status and Switches images to be displayed on the 
liquid crystal panel 103 from 3D images to 2D images. 
(0145 The control unit 305 in Embodiment 4 may control 
operation of the switchable-diffusion element 301 using a 
method other than the above-described method in which the 
control unit 305 controls operation of the switchable-diffu 
sion element 301 based on image signals from the pair of the 
eye cameras 104a and 104b. For example, when the liquid 
crystal display device 30 is a portable display such as a tablet 
device, the control unit 305 controls operation of the switch 
able-diffusion element 301 based on a detection signal from 
sensors for orientation detection Such as a gyroscope or a 
rear-face sensor of the display device. Specifically, the con 
trol unit 305 Switches the Switchable-diffusion element 301 to 
the diffusing status when the sensor detects an orientation in 
which the display device is laid down on a desk or the like. 
The control unit 305 Switches the Switchable-diffusion ele 
ment 301 to the non-diffusing status when the sensor detects 
an orientation in which the display is raised from a flat posi 
tion on a desk or the like. This allows a plurality of users to see 
images displayed on the liquid crystal panel 103 of the display 
device laid on a desk or the like together. 
0146 Each of the structural elements in each of the above 
described embodiments may be configured in the form of an 
exclusive hardware product, or may be realized by executing 
a software program suitable for the structural element. Each 
of the structural elements may be realized by means of a 
program executing unit, such as a CPU and a processor, 
reading and executing the Software program recorded on a 
recording medium Such as a hard disk or a semiconductor 
memory. Here, the Software program for realizing the display 
device according to each of the embodiments is a program 
described below. 

0147 The program causes a computer to execute a method 
for controlling a display device including: a light Source 
which emits light; a light deflector having a deflection region 
in which light from the light source is deflected toward a 
predetermined position; and a display panel on which an 
image is formed by the light from the light deflector, and the 
method includes: determining a total number of right and left 
eyes of one or more users viewing the image displayed on the 
display panel; segmenting the deflection region into a plural 
ity of deflection subregions based on the determined total 
number of right and left eyes; and controlling light deflection 
in the deflection subregions so that the light from the light 
source is deflected toward different positions at the same 
time. 

0148. The herein disclosed subject matter is to be consid 
ered descriptive and illustrative only, and the appended 
Claims are of a scope intended to cover and encompass not 
only the particular embodiments disclosed, but also equiva 
lent structures, methods, and/or uses. 

INDUSTRIAL APPLICABILITY 

014.9 The display device according to one or more exem 
plary embodiments disclosed herein is applicable to liquid 
crystal display devices, such as a glasses-free 3D display, a 
privacy display, and a power-saving display. The power-sav 
ing display refers to a display which can limit the viewable 
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range of images (that is, viewing angle) to lower the amount 
of light emitted from its backlight. 

1. A display device which displays an image, comprising: 
a light source which emits light; 
a light deflector having a deflection region in which the 

light from the light source is deflected toward a prede 
termined position; 

a display panel on which the image is formed by the light 
from the light deflector; and 

a control unit configured to determine a total number of 
right and left eyes of one or more users viewing the 
image displayed on the display panel, and control opera 
tion of the light deflector based on the determined total 
number of right and left eyes so that the light deflected 
by the light deflector is directed alternately toward a 
right eye and a left eye of each of the one or more users, 

wherein the control unit is configured to segment the 
deflection region into a plurality of deflection subre 
gions based on the determined total number of right and 
left eyes, and control light deflection in the deflection 
Subregions so that the light from the light source is 
deflected toward different positions at a same time. 

2. The display device according to claim 1, 
wherein the control unit is configured to set a total number 
M of the deflection subregions that satisfies a relational 
expression (NXAT)/MsFrame T, where AT is a unit 
deflection time to be taken for the light deflector to 
deflect light from the light source toward any eye of the 
one or more users, Frame T is a display time during 
which a frame of the image is displayed on the display 
panel, and N is the determined total number of right and 
left eyes. 

3. The display device according to claim 2, 
wherein the control unit is configured to control the light 

deflection in the deflection subregions so that the light is 
deflected toward the right and left eyes of the one or 
more users within the display time Frame T. 

4. The display device according to claim 1, 
wherein each of the deflection Subregions is discontinuous 

and the deflection Subregions are interlaced. 
5. The display device according to claim 1, 
wherein the deflection region has light deflector elements 

each of which is a smallest unit for controlling a direc 
tion of light deflection, 

the light deflector elements are arranged in a predeter 
mined direction, 

the display panel includes pixels arranged in the predeter 
mined direction, and 

each of the light deflector elements has a size in the prede 
termined direction smaller than a size of each of the 
pixels in the predetermined direction. 

6. The display device according to claim 1, 
wherein the control unit is configured to identify a specific 

user from the users, and control the light deflection in the 
deflection subregions so that the light is deflected more 
frequently toward the right and left eyes of the specific 
user than toward the right and left eyes of any other user 
among the users. 

7. The display device according to claim 1, 
wherein the control unit is configured to segment the 

deflection region into a first deflection Subregion and a 
second deflection Subregion, and control the light 
deflection in the first deflection subregion so that the 
light from the light source is deflected toward the right 
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eye of each of the one or more users, and control the light 
deflection in the second deflection subregion so that the 
light from the light source is deflected toward the left eye 
of each of the one or more users. 

8. The display device according to claim 1, 
wherein when the determined total number of right and left 

eyes is less than or equal to a predetermined number, the 
control unit is configured to avoid segmenting the 
deflection region into the plurality of deflection subre 
gions. 

9. A method for controlling a display device including: 
a light source which emits light; 
a light deflector having a deflection region in which light 

from the light source is deflected toward a predeter 
mined position; and 
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a display panel on which an image is formed by the light 
from the light deflector, the method comprising: 

determining a total number of right and left eyes of one or 
more users viewing the image displayed on the display 
panel; 

segmenting the deflection region into a plurality of deflec 
tion subregions based on the determined total number of 
right and left eyes; and 

controlling light deflection in the deflection Subregions so 
that the light from the light source is deflected toward 
different positions at a same time. 


